The development of mangrove ecosystem has a significant impact on fishery resources, such as gastropod. This research aimed at studying the community structure of mangrove forest in Mojo village, to identifying and analyzing the composition and diversity of gastropod, and investigating the effect of mangrove community on the abundance and gastropod. The research was conducted in Mojo Village, Ulujami District, Pemalang Region from November to December 2017. Identification of species and density was conducted on mangrove species by means of line and plot transects, while the gastropod was sampled from the field then identified in the laboratory. Three sampling stations were occupied in the data collection. The data analysis was conducted for diversity indices, including heterogeneity and evenness both for mangrove and gastropod. Statistical data analysis was conducted by regression to analyze the effect of mangrove density on the abundance of gastropod. The result showed that only three mangrove species were found in Mojo village, including Rhizophora mucronata, Avicennia marina and A. officinalis. Eight gastropod species were identified from mangrove forest of Mojo village. The most dominant gastropod species was Telescopium telescopium, followed by Cerithidea cingulata. The analysis of heterogeneity index showed a low value for mangrove community and medium value for the gastropod community, ranging from 0.353 to 0.720 and 1.462 to 1.812, respectively. Statistical data analysis showed that the density of R. mucronata and A. marina had a significant effect on the abundance of gastropod specieses, including Cerithidea quadrata and Casidula nucleus, both of which had logarithmic relationship trends.
INTRODUCTION
Gastropods are the largest group of species in the shallow water (Santhiya et al., 2013) . However, the distribution of gastropod is not limited to the aquatic environment, but also to the terrestrial area (Astor et al., 2015) . Mangrove constitutes an ecosystem existing in the intertidal area, considered as the highly suitable habitat for gastropod (Zvonareva et al., 2015) . Gastropods constitute the most common mollusk found in mangrove area (Pribadi et al., 2009 ). The wide distribution area of gastropods indicates their importance to the ecosystem. Thus, the community of gastropods may also be different according to the associated environment.
Gastropods are a group of organisms with economic and ecological importance for the coastal area. They are litter feeders which consume fallen plant leaves. Thus, gastropods could be considered as one of decomposers in the ecosystem. The feeding activity of gastropods produces faeces and mucus which provide suitable habitat for microorganisms (Astor et al., 2015) . Thus, the existence of gastropods affects the micro-ecological condition of an ecosystem (Ramanibai and Govindan, 2018) . Moreover, the structural composition and abundance of particular species may emphasize the role of gastropod community in the ecosystem.
Some gastropod species are also identified as mangrove litter feeder (Tavares et al., 2015) , while some others are filter feeders (Khade and Mane, 2012) . Thus, the gastropod community has significant role in the nutrient cycle. Ecologically, the grazer gastropods can control the population of epiphytic algae and hinder algal bloom (Picardal and Dolorosa, 2014). In the long period of time, there was a difference of species composition, density, and gastropod collection biomass on the mangrove ecosystem (Zvonareva et al., 2015) . Another ecological role of gastropods is as a biological indicator of environmental change in an ecosystem (Irma and Sofyatuddin, 2011) .
Gastropods also have economic value for various usages. The trading of gastropods had been conducted for various purposes such as for food source and ornaments (Santhiya et al., 2013) . The demand for edible gastropods for human consumption tends to increase, which even caused overfishing (Flores-Garza et al., 2012). However, not all of the gastropod species could be considered as edible. Some gastropod species are considered as pollutant bioaccumulators, including toxic compounds (Jen et al., 2014) . Thus, selective capture should be applied to achieve food security. However, gastropods are also utilized for some other purposes, such as medicine, jewellery, tools and pets (Ramanibai and Govindan, 2018) . Thus, the potential of gastropod utilization is widely opened and may alter its capture.
A mangrove ecosystem had been known to have a large biodiversity. Various fauna species inhabit the mangrove forest due to its environmental services in providing shelter, protection, food, and habitat suitability. The mangrove ecosystem consists of various associated fauna, such as gastropods. However, the composition of species, abundance, diversity and biomass of gastropod change according to the condition of the mangrove ecosystem (Zvonareva et al., 2015) . The environmental dynamic of mangrove ecosystem might affect the composition of gastropods within. A lot of gastropod species in the coastal ecosystem are dependent on the mangrove forest due to its capability to adapt the environment. Gastropod species are found attached to various part of mangrove plants such as roots, trunk, branches or leaves (Manullang et al., 2018) .
The composition of gastropods within mangrove ecosystem also indicates its ecological condition as well as its environmental quality (Zvonareva et al., 2015) . The species and size of gastropods define the feeding capacity as well as the production of mucus and faeces (Astor et al., 2015) . Some gastropod species are known to prefer litter source as feed (Astor et al., 2015) . Thus, the source of the litter might also affect the composition of gastropods (Kottè-mapoko et al., 2017). The mangrove ecosystem supports the biological diversity of the coastal area due to its rich organic matter and nutrients (Khade and Mane, 2012) . However, the mangrove ecosystem is also considered as the most dynamic ecosystem. Thus, the suitability of habitat for gastropods may change over time, which further affects the composition of the biota.
Increasing exploitation of coastal area had a diversified impact on the related ecosystem, including the mangrove ecosystem. Mangrove forests in many regions were degraded by various activity, such as fish farming, area development, as well as the impact of upland area (Premcharoen et al., 2016). However, mangrove -which has important value for coastal ecosystemshould be conserved to maintain the sustainability of the resources. Thus, the application of sustainable management practice should be conducted to achieve the objective.
Mojo village is an area in Pemalang, in which the mangrove forest was degraded as the impact of increasing aquaculture activity. The mangrove forest in Mojo village only covers the area of 88.57 hectares (Fatmawati et al., 2016) . Unfortunately, the coverage is only 14.47% of the total are of brackish water ponds. Meanwhile, fishermen constitute one of the dominant professions in the Mojo village's community (Purnamawati et al., 2015) . Thus, the sustainability of the mangrove forest in Mojo village has an important role in supporting the livelihood of the local community. One of the direct advantages of the mangrove forest in Mojo village is the capture of fish, including shellfish. However, the potential of gastropods as fisheries resource is not well understood.
The economic value of gastropods had caused an increased fishing activity and depleted population. However, the replantation of mangrove forest may improve the environmental quality to support the habitat suitability of some gastropod species. This research aimed at studying the community structure of mangrove forest in Mojo village, identifying and analyzing the composition and diversity of gastropod, and investigating the effect of mangrove community on the abundance of gastropods.
MATERIALS AND METHODS
The study was conducted from November to December 2017 in the Mojo village mangrove forest. Sampling consists of 3 stations and each station is made 1 line transect made perpendicular to the coastline with a 20 m distance between lines. The resultant plots have the area of 10×10 m; there are five plots in each line. Observation of the mangrove vegetation involved a 10×10 m plot and on site species identification.
The sampling of gastropods was carrued out using a quadrant measuring 1×1 m. Five quadrants were placed randomly on the 10×10 m plot. Gastropods were taken by hand (hand picking), found on the surface of the soil and attached to the mangrove tree. The samples can be cleaned and preserved with 4% formalin and 70% alcohol. The samples were identified according to Dharma (1988) , (Carpenter and Niem, 1998) , and related sites. The water chemistry physics parameters measured include water temperature, water salinity, soil salinity, water pH, soil pH, and soil texture. Measurements of parameters other than soil texture were conducted in situ by taking logged water samples or in pore water which were mostly found in the sample observation plot, then measured each parameter three replication at each observation station along with the sampling. The soil texture measurements were done with soil jar test with depth of soil samples taken at a depth of 10 cm.
The abundance of mangrove is expressed as the number of trees per area (trees/ha), while the gastropods are expressed as individuals per area (indv/ha). Thus, the data collected from field observation (mangrove) and laboratory identification of samples (gastropod) were both converted to a consistent area unit. Further data processing was conducted to calculate the diversity indices, including the heterogeneity and evenness of mangrove and gastropods. The calculation was conducted with Shannon-Wiener formula:
where: H' = heterogeneity index Pi = relative abundance of mangrove / gastropod, achieved from ni/N ni = abundance of species -i N = total abundance of all identified species = ′ ln (2) where: E = evenness index S = total number of mangrove/gastropod species
Further analysis was conducted through statistical analysis with regression. However, due to the complexity of the data, data reduction was conducted by PCA. Thus, particular data could be selected to conduct appropriate statistical analysis. Regression analysis was conducted through curve estimation. Thus, instead of only knowing the effect of the mangrove abundance on gastropods, the pattern of the effect could be understood as well. The statistical data analysis was conducted with SPSS 19.
RESULT
The observation on the composition of mangrove plants showed that only three species existed in the mangrove forest of Mojo Village, including Rhizophora mucronata, Avicennia marina and A. officinalis. The density of mangrove plants at each station was very low with total density less than 1,000 trees/ha. Complete observation results along with the diversity indices at each station are presented in Table 1 .
According to the observation result, as presented in Table 1 , R. mucronata dominated the composition of the mangrove vegetation in the Mojo Village. The density was much higher than of other mangrove species. On the other hand, A. Officinalis had the lowest density and was only found in station 2 and station 3. The analysis on the diversity indices showed low values of heterogeneity (less than 1), while the evenness was categorized as low in station 1 and fair in station 2 and station 3.
The measurement of environmental quality, both water and soil quality of mangrove floor was conducted to describe the condition of the habitat for gastropod. According to the measurement, the environmental quality among stations varied slightly. Complete measurement data of environmental quality of mangrove floor is presented in Table 2 . Table 2 shows that the water temperature in the sampling stations was warm and nearly similar. The salinity was observed as brackish, since the measurements showed the value of less than 30 ppt at all stations. Soil salinity was brackish as well. There was no significant difference of salinity between the water and soil. There was a difference in the pH of water and soil. The pH of water was slightly alkaline, while the pH of the soil was slightly acidic, indicating different concentration of organic matter. The soil textures were dominated by silt; however, at station 1 and station 2 the sediments tended to be sandy.
Identification of gastropod resulted in finding a total of 8 species in the mangrove forest of Mojo village. However, at station 1 and station 2, only 7 species were found. The most dominant species at station 1 and station 2 was Telescopium telescopium, while at station 3 -Cerithidea cingulata. The identification showed that the abundance of gastropods in the mangrove forest of Mojo village was relatively low. Complete identification results of gastropods are presented in Table 3 .
According to the identification results presented in Table 3 , the abundance of gastropods was varied among species. The proportion of species abundance at each station was also varied. Among the identified gastropod species, C. Scripta was not found at station 1, while at station 2 N. violacea was absent. Thus, 7 species of gastropods were identified at both stations. The highest total abundance of gastropods was identified at station one. Meanwhile, station 3 -which had the most gastropod species -also had the lowest total gastropod abundance.
The analysis of the diversity indices showed that the gastropod composition at each sampling station had fair heterogeneity. However, the het- erogeneity in station 3 was the highest, while station 2 had the lowest index. However, the analysis of the evenness index showed that all stations had high evenness of gastropod abundance. This result indicated that the site had low domination of certain gastropod species. The next analysis was regression, conducted to provide the statistical evidence of the effect of mangrove density on the abundance of gastropods. However, to further understand about the effect, the analysis was conducted not only to the total abundance but also to the particular species. Unfortunately, the analysis which involved species would be ineffective. Thus, principal component analysis (PCA) was conducted to reduce the data. Every single environmental parameter, mangrove species, and gastropod species abundance were involved. However, data screening resulted in the exclusion of environmental parameters due to inappropriate distribution (no variation), or lack of have normal distribution. The analysis result of PCA is presented in Figure 1 and Table 4 . Component matrix resulted from PCA.
According to the results of PCA, the variables could be grouped into two components. However, between the two components, the mangrove related variables including the abundance of R. mucronata, A. marina and the total mangrove abundance were grouped in one component. Gastropod species were distributed into two components. However, three of them were in the same group with mangrove, including C. quadrata, C. nucleus, and C. cingulate, plus total abundance of gastropods. Thus, the regression analysis was conducted to the mentioned variables, involving the mangrove density as the independent variable and gastropod abundance as dependent variable.
There were four significant relationships achieved from the analysis. However, only two species of gastropods were related to the density of mangrove, i.e. C. quadrata and C. nucleus. Both where affected significantly by the density of R. mucronata and A. marina. The regression analysis was conducted by curve estimation.
The first analysis of the effect of mangrove density on the abundance of gastropod was shown by C. quadrata. Both mangrove species, R. mucronata and A. marina separately affected the abundance of C. quadrata. Since the simulatenous effect could not be conducted due to data limitation. The relationship between mangrove density and the abundance of C. quadrata is presented in Figure 2 . Figure 2 shows that the effect of mangrove species was opposite. The curve estimation showed that both R. mucronata and A. marina affected the density of C. quadrata in logarithmic model. The density of R. mucronata tended to have a positive effect on the C. quadrata following the formula of Y = 333,380.ln(x) -201,585, while the effect of A. marina had a negative effect following the formula of Y = -5,565.ln(x) + 23,641. Thus, increasing the density of R. mucronata would promote the increasing abundance of C. quadrata. Inversely for A. marina where the increasing density will lead to the decrease of its abundance. The analysis resulted the determination coefficient of 99.72% for R. mucronata and 100% for A. marina with probability of 0.034 and 0.000, respectively. This means that the relationships were significant.
Contrary to the C. quadrata, the effect of mangrove density on the abundance of C. nucleus The curve estimation analysis resulted that R. mucronata had exponential pattern, while the effect of A. marina had logarithmic pattern. Figure 3 shows the relationship between mangrove density and abundance of C. nucleus in the Mojo village. The analysis resulting from R. mucronata provided the formula of Y = 133,607.e -0.006x with probability of 0.019, while A. marina provided the formula of 2,653.1.ln(x)-7,479.3 with probability of 0.011. The coefficient of determination showed the values of 99.91% and 99.97% for R. mucronata and A. Marina, respectively. This indicated that the abundance of gastropods was highly dependent on the mangrove density.
DISCUSSION
The composition of mangrove community in Mojo village showed low diversity. There were only 3 species found during the research, including A. marina, A. officinalis and R. mucronata. This result indicates that there was a change of the mangrove composition in Mojo village. Previous research showed that the mangrove in Mojo village consisted of A. alba, A. marina and R. mucronata. The abundance of trees is also decreased, where the previous research showed the abundance of more than 3.000 trees/ha (Renta et al., 2016) , this research indicated only 620-670 trees/ha.
The low diversity of mangrove community showed that the mangrove forest in Mojo village was a young forest. Young mangrove forest is generally dominated by single mangrove species due to replantation activity or appropriate environment condition (Cudiamat and Rodriguez, 2017) . The current condition of mangrove forest in Mojo village is the result of replantation. The change of mangrove coverage had been recorded from 72 ha in 2014 (Purnamawati et al., 2015) to 88.57 ha in 2015 (Fatmawati et al., 2016) .
Generally, gastropods prefer the habitats with clean water environment. It was proven that the species diversity was higher in the clean than in the turbid aquatic environment (Picardal and Dolorosa, 2014) . Conversely, the concentration of TSS had a parabolic effect on the total abundance of gastropods . Another research related to mangrove forest showed that the concentration of organic matter significantly affected the abundance of gastropods (Tambayong et al., 2016). The concentration of organic matter in the sediment has a positive correlation toward the abundance of gastropods (Merly and Elviana, 2017) . However, the abundance of gastropods is also affected by the habitat preference of particular species. The observation indicated the higher gastropod abundance in the station with sandy loam soil. The composition of species was considered as low diversity. Only 8 gastropod species were identified in the mangrove forest of Mojo Village. The gastropod abundance and diversity is influenced by tree branches and mangrove leaf litter (Seena et al., 2017) . This result was much lower than the diversity of gastropods in Lubuk Kertang Village which had 15 gastropod species (Manullang et al., 2018) . It is also a slightly lower than the gastropod community observed in Aceh after 7 years of reclamation effort in the mangrove area which was damaged by tsunami, where 14 total gastropod species were identified (Irma and Sofyatuddin, 2011) . This indicates that the mangrove forest in Mojo Village was less suitable for the gastropods.
Telescopium telescopium was the most abundant gastropod species. This indicates that the mangrove forest in Mojo village was rich in detritus as the main feed of T. telescopium (Zaman and Jahan, 2013) . The abundance was linear to the density of mangrove suggested mangrove as the source of detritus. The increasing density of mangrove linearly correlated to the production of litter and detritus (Mulya and Arlen, 2018) . Cerithidea cingulata was identified as the second most abundant species. This species prefers the habitats with low mangrove density (Silaen et al., 2013) which is appropriate to the result of this research.
The composition and abundance of gastropods in the mangrove ecosystem is significantly affected by mangrove composition (Manullang et al., 2018) . The Mangrove species may have different associated gastropod species. Thus, more complex mangrove structure promotes greater diversity of gastropod species (Zvonareva et al., 2015) . The microhabitat developed by mangrove community structure determines the species composition of gastropods in the mangrove floor (Tavares et al., 2015) . The development of habitat occurs through several environment modifications, caused by physical and biological processes which affect the suitability for gastropod species.
The different composition of gastropod observed in the field was considered as the effect of mangrove composition, even though there was no statistical proof of this assumption. Some gastropod species tend to have prefered types of litter which later affect the species distribution and abundance of the gastropod (Astor et al., 2015) . The number of gastropods tends to increase along with the development of mangrove forest (Santhiya et al., 2013) . The stabilization of mangrove forest promotes the habitat suitability and increase food web complexity for the associated organisms. Variation on the sources and types of foods provides complex nutrients for various species. Thus, as long as mangrove is developing, the faunal composition would grow as well. Particularly, the volume of liter production also affects the abundance of gastropods (Kirchenbaur et al., 2017) .
Planted mangrove forest is generally under development over a few decades. Thus, the transition of vegetation, environmental condition, as well as its associated fauna are frequently observed (Zvonareva et al., 2015) . Currently, the mangrove forest in Mojo village is dominated by Rhizophora mucronata due to the replantation activities. However, the ecological condition might vary because of the tidal dynamic, sediment balance, and nutrient balance (Ismoyo et al., 2017) . The difference in the gastropod composition among stations indicated the different stages of mangrove forest in Mojo Village. Young mangrove ecosystem is generally imbalanced, dominated by opportunistic gastropod species and the lack of mangrove associated species (Zvonareva et al., 2015) .
A mangrove forest should be managed optimally to obtain sustainable support to the coastal ecosystems, including the resources of fisheries which are highly dependent on the mangrove ecosystem. Unfortunately, the participation of local community in the management of mangrove forest in Mojo village was extremely low (Raharja et al., 2013) . Thus, in order to improve the function of mangrove ecosystem, a proper management plan should be devised. Moreover, the participation of local community should be emphasized, since they are the main stakeholder which is strongly dependent on the mangrove sustainability. However, in order to improve the participation, public awareness concerning the importance of mangrove sustainability should be increased as well.
CONCLUSION
Three mangrove species were identified in the Mojo village; the community was characterized by low diversity and was dominated by R. mucronata. Eight gastropod species were identified in the mangrove forest with medium diversity and the species composition was dominated by T. telescopium. The density of mangrove both R. mucronata and A. marina significantly affects the abundance of C. quadrata and C. nucleus with logarithmic trend.
